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Abstract 
Building Information Modelling has been transforming the traditional way of buildings design, 
construction and operation in the architecture, engineering and civil (AEC) industry. The 
benefits of BIM in visualization, informalization and collaboration enable stakeholders to work 
in a better communication environment. In the building construction industry, BIM has been 
developed as a solution to improve the poor safety performance. Based on the function of 
visualization, the contribution of BIM in clash detection has dramatically assisted users to 
identify hazards, integrate design work and mitigate the safety risks during the construction 
and operation phase. The use of BIM currently focusses on addressing the safety issues in the 
design phase. However, the construction phase contains more safety uncertainties that need 
more attention and management. This thesis therefore aims at providing a BIM-based 
framework to facilitate the safety management during the construction phase in a means of 
improving the efficiency and accuracy of decision-making process of causes locating.  
Student Name: Zhongying Du  :   
ENGG7240 A BIM-based Framework for Safety Management in the Building Construction Project Final Report 
Table of Contents 
1. Introduction ...................................................................................................................... 8 
1.1 Background ................................................................................................................. 8 
1.2 Purpose ........................................................................................................................ 8 
1.3 Objectives .................................................................................................................... 9 
1.4 Research Questions ..................................................................................................... 9 
1.5 Methodology ............................................................................................................... 9 
1.6 Framework ................................................................................................................ 10 
2. Literature Review ........................................................................................................... 10 
2.1 The Construction Industry Safety Environment in Australia .................................... 10 
2.2 Safety Management ................................................................................................... 11 
2.3 BIM ........................................................................................................................... 12 
2.4 The Applications of BIM........................................................................................... 22 
2.5 Safety Management with BIM Implementation ........................................................ 23 
2.6 Risks vs Issues ........................................................................................................... 28 
2.7 Risk Register ............................................................................................................. 28 
2.8 Limitations of Safety Management with BIM Implementation ................................ 29 
3. Framework Development............................................................................................... 29 
3.1 Aims of the Framework............................................................................................. 29 
3.2 Use of the Framework ............................................................................................... 29 
3.3 Need for the Framework ........................................................................................... 30 
3.4 Framework Development .......................................................................................... 30 
3.5 Case Application ....................................................................................................... 43 
4. Limitations and Conclusion ........................................................................................... 47 
4.1 Limitations and Discussion ....................................................................................... 47 
4.2 Conclusion ................................................................................................................. 47 
Bibliography ........................................................................................................................... 49 
Student Name: Zhongying Du  :   
ENGG7240 A BIM-based Framework for Safety Management in the Building Construction Project Final Report 
List of Figures 
Figure 1 A schematic diagram of the research methodology ................................................... 10 
Figure 2: Conceptualization of Framework ............................................................................. 10 
Figure 3: Safety management impact on project (McGraw Hill Construction, 2013) ............. 12 
Figure 4: BIM project lifecycle management (Climatetechwiki, 2016) .................................. 14 
Figure 5: Comparison of traditional project delivery and integrated project delivery. ............ 16 
Figure 6: Schematic diagram for LOD (Wenz, 2017) .............................................................. 18 
Figure 7: BIM Adoption efforts from Public sector (Courtesy: Amarnath 2017) .................... 19 
Figure 8: BIM Maturity Level (Balu TheBIMHub, 2017) ...................................................... 21 
Figure 9: Rule-based checking for fall protection (Park & Kim, 2015) .................................. 25 
Figure 10: Work action inspection of excavations (Park & Kim, 2015) ................................. 25 
Figure 11: Work space simulation (Park & Kim, 2015) .......................................................... 26 
Figure 12: Clash detection – slab intersect beam (Revit, 2018) .............................................. 27 
Figure 13: Design flaws (Park & Kim, 2015) .......................................................................... 27 
Figure 14: Simulation for fire-evacuation (Park & Kim, 2015) .............................................. 28 
Figure 15: The schematic diagram of BIM information output ............................................... 39 
Figure 16: An example of duty bearers list in the construction project ................................... 40 
Figure 17: An example of work schedule list in the construction project ............................... 41 
Figure 18: An example of work area/elements/objects list in the construction project ........... 42 
Figure 19: A schematic diagram of information reintegration ................................................. 42 
Figure 20: An example of information reintegration system ................................................... 43 
Figure 21: Duty holder selection.............................................................................................. 45 
Figure 22: Phas selection ......................................................................................................... 45 
Figure 23: Work area/element/object selection ........................................................................ 46 
Student Name: Zhongying Du  :   
ENGG7240 A BIM-based Framework for Safety Management in the Building Construction Project Final Report 
List of Tables
Table 1: Risk Register .............................................................................................................. 38 
Table 2: An example of the risk rank in the field of technical risks ........................................ 44 
Student Name: Zhongying Du  :   
ENGG7240  A BIM-based Framework for Safety Management in the Building Construction Project  Final Report 
1. Introduction
1.1 Background 
Building Information Modelling (BIM) is considered as an innovative technology and is being 
widely used in architecture, engineering, construction and operation (AECO) industries. 
Significant advantages of BIM applications such as visualization, informalization and 
collaborative work have been undertaken by a large number of researchers and professionals. 
As a major beneficiary of BIM technologies implementation, the building construction industry 
has achieved remarkable progress in the past few years in terms of productivity improvement, 
safety design integration and sustainability development. One of the major contributions of 
BIM in the building construction industry is facilitating the safety management by integrating 
safety design. Safety is a global concern especially in the building construction industry. Safety 
management is identified as the most effective measurement to the building construction 
project. The high injuries and fatalities records in the construction workplace are mostly caused 
by the inadequate safety management (Brehm & Hertle, 2017). Also, buildings’ failures are due 
to the unsuccessful safety management.   
The safety management with BIM implementation is mainly used in the design phase to 
integrate the safety design such as rule-based safety check for structure, hazards identifications 
for on-site workplace and evacuation routine planning (Park & Kim, 2015). These technologies 
can dramatically control the risks that may occur during the construction and operation phase 
and protect the safety of on-site workers. However, safety management during the construction 
phase with BIM use is limited. Issues are inherent in the building construction project and will 
always happen. When issues related to a building itself arise during the construction phase, a 
timely and efficient safety management regarding to causes locating and solution provided is 
necessary. 
1.2 Purpose 
This thesis is developed to address how BIM can facilitate safety management during the 
construction phase of the building construction project.  
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1.3 Objectives 
• To understand and comprehensively review the theories and approaches of safety
management and BIM-related principles in the building construction project.
• To develop a BIM-and-risk-register based framework to improve the safety
management during the construction phase in terms of increasing the efficiency on
roots-of-issues locating.
• To manage the knowledge of the building construction project by organizing the
information searching and classification path when using BIM to screen the project
information.
1.4 Research Questions 
This thesis follows these 3 research questions: (1) what is the current safety performance on 
the building construction industry? (2) How does BIM improve the safety performance of the 
building construction project? (3) What are the limitations of current safety management with 
BIM implementation?  
1.5 Methodology 
To explore the 3 research questions above, amount of literature research has been adopted in 
the first part. This review reflects the problem that BIM has a limited effect on safety 
management during the construction phase. The second component of the thesis is to develop 
the BIM-based framework aiming at enhancing safety management during the construction 
phase. The third part will a case illustration that validate and explain the use of this framework. 
Finally, the limitations of the framework and recommendations to further research work are 
discussed in the conclusion.   
A schematic diagram of the research methodology can be seen in Figure 1. 
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Figure 1 A schematic diagram of the research methodology 
1.6 Framework 
The proposed framework can be visualized in Figure 2. It provides a method that allows project 
managers to use BIM as an information organization and output tool for causes locating of 
issues occurred during the project lifecycle. 
Figure 2: Conceptualization of Framework 
2. Literature Review
2.1 The Construction Industry Safety Environment in Australia 
The construction industry has had a very poor safety record in Australia. An industry research 
conducted by the SafeWork Australia showed that construction was the third dangerous 
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industry in Australia, and it accounted for 12670 injury claims and 35 fatalities in 2016. Injuries 
experienced by workers include cuts and open wounds (31%), sprains and strains (21%) and 
chronic joint or muscle conditions (16%), which were mainly due to hitting by objects (31%), 
lifting, pushing or pulling objects (30%). Fatalities at the construction site were mainly caused 
by fall from a height (35%), vehicle collisions (16%) or electrocution (15%). As a result of 
such alarmingly high number in accidents, the construction industry was classified as one of 
the priority industries that needs to be closely supervised for prevention activities by SafeWork 
Australia presented in the Australian Work Health and Safety Strategy 2012–2022. Significant 
efforts and strategical solutions are needed to address the safety problems on construction sites. 
In 2011, SafeWork Australia enacted the Work Health and Safety (WHS) laws to secure 
workers from harm by defining the duties of stakeholders of managing risks and improving 
safety performance during the construction process. The primary action area is the planning 
and design phase. Architectures and designers are required to consider safety design as their 
first duty.  
At the same time, as the construction projects become more demanding, complex and 
challenging in both design and construction phase, the requirements for the project safety 
management are also increasing and changing. This condition has led to a more sophisticated 
environment to safety management regarding to the construction projects (Riddell, 2016). The 
gap between the old construction techniques and innovative design needs be bridged by more 
trainings and practices. According to the research, due to increasingly high requirements for 
the construction projects, the rate of project successful deliver has reduced sharply. Only 30% 
construction projects could be completed within budget and 15% deliver on time (Riddell, 
2016). The construction safety issues such as fall hazards are also increasing due to the 
dangerous work on high-rise building (Çeçen & Sertyeşilışık, 2013).  
2.2 Safety Management 
Safety management in the construction industry is a comprehensive management system 
focusing on the overall construction process and managing all activities related to procedures, 
layouts, procurement and quality during the building construction project (Tam et al., 2002). 
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Safety management also can be interpreted as the process of risks control and problems solving 
(Tam et al., 2002).  
Figure 4 shows that superior safety management will have a positive impact on decreasing 
project budget, schedule and ROI as a result of reportable injuries reduction (McGraw Hill 
Construction, 2013). 
Figure 3: Safety management impact on project (McGraw Hill Construction, 2013) 
2.3 BIM 
BIM is the process that builds multi-dimension visual representations of physical objects. The 
visual models as a central platform and shared knowledge resource can assist stakeholders to 
collect, share, exchange, extract, integrate and manage project information and work 
collaboratively. In this way, BIM facilitate the communication among stakeholders and 
eliminate the project risks due to information delivering. Furthermore, by utilizing the project 
information that is inputted by stakeholders, BIM can generate and examine the synergies of 
each sector and element in the model, which allow stakeholders to detect errors and coordinate 
design works to achieve better outcomes (Eadie et al., 2013). There are five terms that can be 
used to better summarize the characteristics of BIM:  
• Visualization
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• Central Model Data Exchange and Management
• Collaboration
• Coordination
• Lifecycle management
Where the coordination refers to the conflict and collision detection work in the design phase 
for safety management. BIM with the 3D space, enables users to make a “rules-based” safety 
check to interferences. For example, using BIM can examine that beams or walls are not 
intersected by pipelines. The principles of rule-based design check will be explained below.   
2.3.1 Project Life Cycle Management 
The concept of Life Cycle Management (LCM) is initially created to integrate the process of 
business management by involving management in product life cycle from inception phase to 
closure phase, which is commonly applied in the industrial and service sectors (Sonnemann & 
Margni, 2015). The use of Life Cycle Management assists business to achieve the long-term 
objective of improving business performance in environmental, economic and social 
sustainability. In the building construction project, the Project Life Cycle Management 
encompasses project planning, conceptual design, detailed design, construction and operation 
management (Eadie et al., 2013).  
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Figure 4: BIM project lifecycle management (Climatetechwiki, 2016) 
2.3.2 Open BIM and Closed BIM 
A series of BIM-related software developed by different vendors, to improve the work 
efficiency and create a transparent information exchange environment among clients, three 
ways of communication protocols are used in the BIM market, which are Open BIM and Closed 
BIM. These agreements promote the cooperation among users with various vendors to build a 
common language and communication platform for clients use (SmartBIM Solution, 2012) 
Open BIM 
Open BIM is a widely-used approach in the construction industry based on open standards and 
workflows such as IFC (Industry Foundation Classes) and Construction Operations Building 
Information Exchange (COBie). It is initiated by several vendors through implementing 
BuildingSMART Data Mode. BuildingSmart International concludes that Open BIM can help 
• To supports collaborative information exchange and transparent, open workflows in terms
of design, construction and operation of buildings among users regardless of the software
tools they applied.
• “To creates a common language for widely referenced processes, allowing industry and
government to procure projects with transparent commercial engagement, comparable
service evaluation and assured data quality”.
• To manage project data for lifecycle use avoiding data input repeatedly.
• To provide “best of breed” solutions by involving small and large platforms into the one
system
• “To energizes the online product supply side with more exact user demand searches and
delivers the product data directly into the BIM”.
Closed BIM 
Closed BIM provides a single platform that requires users change their language to the same 
platform or vendors. It protects the information confidentiality, but to some extents, it is against 
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the original intention of BIM that shares and exchanges information in a free environment. 
(SmartBIM Solution, 2012) 
2.3.3 IFC – Industry Foundation Classes  
IFC is the common language used to information delivery in construction and facilities 
management. It is now defined as a global standard providing “guidelines or rules” for 
information exchange and share, and firstly proposed by buildingSMART in 1994. IFC is 
currently supported by 150 platforms and applications worldwide.  
The main purpose developing IFC is to facilitate interoperability and collaboration of digital 
information exchange among different software and platforms. IFC is acted by ruling how 
characterizes the elements in a model and formats the files for data storing and reviewing.  For 
instance, “IFC can illustrates tangible building elements such as doors and beams and also 
enables the linking of alphanumeric information such as properties, quantities, classification” 
(McPartland, 2018). IFC files can be exported in the formats of ifc .ifcXML and .ifcZIP for 
information delivery.  
2.3.4 Construction Operations Building Information Exchange - COBie 
The Construction Operations Building Information Exchange (COBie) is a standard for non-
graphical data exchange, identification and management such as space and equipment 
information, mainly used in the operation and maintenance phase. It was designed by Bill East 
in 2007 as a subset of IFC (East, 2007).  
The COBie records the consistent and structured data of asset specifications for handover to 
facility managers and owner-operator to do better decision-making, operation and maintenance 
management when the assets are in service. The database usually includes: 
• Equipment lists
• Product data sheets
• Warranties
• Spare parts lists
• Preventive maintenance schedule (East, 2007)
The COBie is now defined as Basic FM Handover View and ran by BuildingSMART 
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International. 
2.3.5 Integrated Project Delivery 
The American Institute of Architects (AIA 2007) define IPD as “a project delivery approach 
that integrates people, systems, business structures, and practices into a process that 
collaboratively harnesses the talents and insights of all project participants to optimize project 
results, increase value to the owner, reduce waste, and maximize efficiency through all phases 
of design, fabrication and construction.” The use of IPD will provide a win-win approach to 
construction project execution, which not only optimize project performance but also creates 
the “team effort” by involving all stakeholders approach to collaborative work and risks sharing 
during the project lifecycle (Rodriguez, 2017). In addition, compared with traditional ways of 
project delivery, IPD puts more effort of controlling risks in the design phase to reduce the 
overall cost and risks. In this way, cost of design changes is lower. Figure 5 shows the 
comparison of traditional project delivery and integrated project delivery.   
Figure 5: Comparison of traditional project delivery and integrated project delivery. 
(American Institute of Architects, 2007) 
2.3.6 Level of Development  
Level of Develop is defined to describe “the degree of the element’s geometry and attached 
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information has been thought through – the degree to which project team members may rely 
on the information when using the model” (BIMForm, 2013). In the past, the design and 
construction progress of the building systems or components from the vague conception, 
schematic design, detail design to the final model, was difficult to be shared to other 
stakeholders except the designers. The precision of the information may be misinterpreted by 
other stakeholders. Level of Development therefore was created to assist all BIM users to 
extract and follow the information of elements model progress. It addresses the issues related 
to BIM communication and simultaneously facilities the collaborative work among users 
(BIMForm, 2013).  
In 2008, American Institute of Architects (AIA) proposed the Level of Development 
framework in the documentation of “E202-2008 Building Information Modeling Protocol”. To 
specifically and articulately identify the components progression, AIA categorized the Level of 
Development into 6 levels to present the different information requirements. The levels are 
ranked from 100 to 500 depending on how much detailed and precise information include. The 
specific content of LOD is explained below. (Ekholm, et al., 2013) 
- LOD 100
Conceptual element model including area, height, volume, location and orientation
- LOD 200
Generic elements models including approximate information of geometry, quantities, location
and orientations.
- LOD 300
Accurate elements models and shop drawings including quantities, size, shape, location, and
orientation
- LOD 350
Similar with LOD 300 while including interfaces with other building systems
- LOD 400
Elements models represented as specific assemblies with the information of detailing,
fabrication, assembly in addition to accurate quantities, size, shape, location and orientation.
- LOD 500
Elements models represented as specific assemblies with accurate quantities, size, shape,
location and orientation for further operation and maintenance management.
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Figure 6: Schematic diagram for LOD (Wenz, 2017) 
2.3.7 BIM Implementation and Mandate in UK, US and Australia  
BIM, with the huge business vale in the construction industry, presents a stable increase in the 
adoption of the technology worldwide (Hill, 2014). 78% people in the design community 
consider BIM as the future of project information (NBS International Report, 2016). To follow 
this trend, more countries are generalizing and mandating BIM implementation especially in 
the building construction sector. Ggovernment bodies are the important drivers to spread the 
use of BIM by enacting laws, setting BIM standards and rules, creating BIM guidelines that 
can be taken up and implemented by private sector (Soumo, 2017). 
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Figure 7: BIM Adoption efforts from Public sector (Courtesy: Amarnath 2017)
United Kingdom 
United Kingdom is the undisputed leader in terms of the BIM application and government 
support. According to the NBS (National BIM Specification, 2016) report, BIM adoption in 
the UK has reached to 70% in 2018.   
Since 2011, the UK government had released the Government Construction Strategy with a 
five years plan to promote the BIM implementation in all government construction projects 
(Hill, 2014). By following this plan, the UK government achieved a £855-million cost 
reduction in 2014-2015 on existing schemes (NBS International Report, 2016).  
BIM Maturity Level   
In April 2016, UK government mandated the BIM Level based on the maturity stages of BIM 
implementation to further govern and standardise the BIM application in UK (Thompson, 
2017). It identified the BIM level within a range from 0 to 3 which are criteria needed to comply. 
The figure 8 shows the BIM Maturity Level.   
- Level 0
Only 2D drawings are available and without collaborative work among stakeholders. The 
output and distribution of building information is delivered through paper or electric prints.  
- Level 1
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Both 2D drawings and 3D models for objects are applied in this level and 2D drawings are 
mainly prepared for the statutory permits documentation. However, there is limited 
collaboration among stakeholders.  
- Level 2
In this level, 3D models are used by all parties and a collaborative work is required among 
stakeholders. The design information need to be shared in a common file format such as 
Industry Foundation Class (IFC) or Construction Operations Building Information Exchange 
(COBie) to guarantee further information combination and export. 
- Level 3
This level requires an integrated work model that all stakeholders involve in a single model to 
share and modify the project information and preserve in the Common Data Environment. This 
level of BIM model can assist to minimize the risk of information conflicts among stakeholders. 
The basic vision is also known as “Open BIM”. However, the precise definition and 
requirements for level 3 has not been completed yet (Digital Built Britain, 2015). 
The UK government identified implementing BIM level 2 as a target to achieve around 20 % 
waste reduction in the public industry sector by 2016 (Institution of Civil Engineers, 2009).  
In addition, this mandate was expected to assist the UK government to meet three strategic 
objectives: 
(1)  
- Lower cost in procurement;
- Faster delivery during the project lifecycle;
- Lower emission in greenhouse gas in built environment;
- Improvement in export;
(2) Increase the construction efficiency;
(3) Promote BIM adoption throughout the industry and build the foundations for moving to the
BIM Level 3 (Thompson, 2017). 
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Figure 8: BIM Maturity Level (Balu TheBIMHub, 2017) 
A series of PAS 1192 documents were developed to specify the requirements and detailing for 
BIM model detail (McPartland, 2018). 
- PAS1192-2, 2013: Focuses on the construction phase;
Sets out requirements for BIM Level 2 Maturity. 
- PAS1192-3, 2014: Focuses on the operational phase;
Specifies the information for facilities management. 
- PAS1192-4, 2014: Code for practice for information exchange by using the COBie.
- 
- PAS1192-5, 2015: Specifies the information related to data security management. 
- PAS 1192-6, 2018: Sets out the requirements for structured H&S information.
- Uniclass: Organizes BIM information. A standard information classification benefiting
interoperability between different systems. Classifies by:
• Complexes –building types such as a hospital.
• Entities – such as a building.
• Spaces / locations – activities space
• Activities – “the activities to be carried out in the complex, entity or space”.
• Elements – “main components of a structure or a building such as walls”
• Systems – “a collection of components that make an element, such as the components
of a roof”.
• Products – products used to build the building.
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United State 
The United State is also considered as a pioneer in BIM implementation. In 2003, the US 
government had published the General Service Administration, which is the first program that 
the government formulated the national 3D-4D BIM implementation in the public service 
projects. It partnered with BIM vendors, agencies, standards and institutions to actively 
promote the BIM implementation in US. Based on this program, the US government developed 
a series of standards and guidelines such as National BIM Standard to further support the BIM 
implementation and recognition (Smith, 2014).  
Australia 
- There are not official mandates or guidelines to BIM implementation in Australia.
- However, the government has provided specific recommendations on BIM use. For
example, the recommendation 7 – require a BIM LOD 500 when projects cost over $50
million.
- Queensland’s Department of Transport and Main Roads also published A Guide to
Enabling BIM and Road Infrastructure to provide a specific requirement to the BIM
implementation in the road infrastructure project (Australia adopts International Standard
for BIM Data Sharing ,2017).
2.4 The Applications of BIM
• Financial Benefits
Research shows that two-thirds of BIM users reflect a positive ROI of BIM investment 
(SmartMarkrt Report, 2014). Financial savings by using BIM can be obtained throughout the 
project lifecycle. Design integration with BIM use resulted in a 3% cost reduction in terms of 
S&H compensation contracts value. In Australia, 10.5 billion has been saved per year by 
implementing BIM in the building construction project (Eadie et al., 2013).  
• Productivity Improvement
Productivity in the building construction industry lags far behind other industries. Statistically, 
98% of mega-construction projects are confronted with cost overruns or schedule delay. The 
average cost of the project increases 80% of original value in most building construction project 
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(Changali, Mohammad & Nieuwl, 2015). BIM contributes to successful project deliver by 
enabling stakeholders with better cost, schedule, quality and risks control (Ku and Mills 2008). 
According to Nath et al. (2015), using BIM can achieve a 38% improvement in the project total 
time.  
• Safety Management
As projects in the building construction industry become more complex and larger, safety 
management therefore needs more attentions and efforts to be improved. Significant research 
on detection and reduction of the potential hazards and risks have been made by reviewing 
previous cases, interviewing experienced professionals, implementing advanced technologies 
and even modifying building engineering standards and codes (Love, Lopez & Edwards, 2013). 
The primary value of BIM adoption is safety performance enhancement. BIM model for safety 
management mainly focuses on the design phase as a tool for hazards identifications, clash 
detection and risk controlling. According to the research, at least 80% accidents in the building 
construction industry could be prevented by using BIM in the design phase (Chan et al., 2016). 
BIM model also serves in the construction and operation phase. In the construction phase, BIM 
utilizes security model to achieve the real-time safety monitoring. It provides early warning for 
safety risks by analyzing, evaluating and monitoring the security model. In the operation phase, 
BIM is beneficial to the facility management and operation monitoring by locating building 
components and checking facility data (Xu, Ma & Ding, 2014).   
2.5 Safety Management with BIM Implementation 
Numerous researchers have explored BIM applications in the field of safety management. 
Rule-base checking is one of the most useful approaches. It is identified as an automatically 
checking tools enabling users to detect potential hazards, avoid design errors and achieve 
“physical, logical, regulation, and visualization inspection” by analyzing the extensive 
database of models (Teo et al., 2016). The principles of BIM rule-based checking can be 
summarized in 4 procedures:  
1“Rule interpretation 
2. Building model preparation
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3. Rule execution
4. Reporting of checking results” (Eastman et al, 2009)
By using the rule-based systems with BIM, it can assist in following approaches: 
• Safety check for the building environment
• Inspection for compliance with the safety standards and regulations
• Facility and equipment schedule in terms of operation and placement
• Safety management based on safety assessment checklist (hazard check)
• Workers location tracking (Park & Kim, 2015)
Specially, safety management with rule-base checking is designed for two aspects, the building 
construction on-site safety and building structural safety.   
(1) On-site safety
The construction site safety has been traditionally ignored in the design phase. Most 
considerations related to safety management focus on the building end users with much less 
attention paid to construction site safety management in terms of worker health and safety 
during the process of construction (Hecker & Gambatese, 2003). Also, the traditional 2D 
planning and design techniques have limited effects on the work schedule and task execution 
(Zhang et al, 2013).  
The positive link between design and construction site safety was proposed and proofed by 
Behm and Rajendran (2005). Better design for the site safety management during the design 
phase could dramatically increase the site safety performance and minimize the “physical, 
biomechanical and psychosocial hazards” for workers at the construction site (SafeWork 
Australia, 2012). Using rule-base checking helps on-site workers protection can be categorized 
as (Park & Kim, 2015): 
• Fall protection
Fall protection aims at checking whether the protection measurements for work-at-high had 
been settled. If there are no protective railings in the model, BIM could automatically install 
the railings.  
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(a) Model without protective measurements (b) Model with protective measurements
Figure 9: Rule-based checking for fall protection (Park & Kim, 2015) 
• Equipment operation and placement
In workplace, the work-space height, work scheduling and equipment deliver routine will 
significantly impact the on-site safety and work efficiency. Pre-inspection these works in 3D 
version can help users to control risks related to equipment operation. Figure 10 and Figure 11 
shows how BIM schedules excavation work and detect the work collision of truck working 
under the ceiling.  
Figure 10: Work action inspection of excavations (Park & Kim, 2015) 
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Figure 11: Work space simulation (Park & Kim, 2015) 
• Worker location tracking
Worker location tracking aiming at warning the site workers when they access to the dangerous 
areas. It connects workers and the site systems through internet to achieve the automatic task 
(Teo et al., 2016).  
(2) Building safety
Building safety is to detect clash, integrate structure and provide simulation for check 
evacuation design.   
• Structural clash detection
The most common design errors are the elements collision especially in the fields of MEP and 
structure design. As the Figure 12 shows when a slab intending to place on a wall, it may 
intersect through the beam. That is one of the structural problems that BIM can detect.   
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Figure 12: Clash detection – slab intersect beam (Revit, 2018) 
• Design flaws
Missing elements is also a common design issue. It will cause serious safety accident. BIM 
rule-based checking can assist users to detect if the building has some design flaws. For 
example, Figure 13 shows a design flaw that the stair slab is missed.  
(a) Missing stair slab (b) Adding stair slab
Figure 13: Design flaws (Park & Kim, 2015)
• Evacuation inspection
Another useful function of BIM safety management is the simulation for evacuation. BIM can 
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provide the shortest evacuation routine by analyzing and calculating the path in the 3D building 
models.  
Figure 14: Simulation for fire-evacuation (Park & Kim, 2015) 
2.6 Risks vs Issues 
Risks are the potential “issues” that may happen and result in positive or negative outcomes. 
Issues are the “risks” that already happened. Although the conceptions of risks and issues are 
defined differently, the basis of risks and issues are somehow similar (Sankararajan & 
Shrivastava, 2012). In reality, most sources of risks can be identified as the roots of issues. 
Therefore, risk register during the construction has much potential value to be used analyzing 
the issues and as a solution to locate the causes of issues. 
2.7 Risk Register 
Risk register is created as a risk management tool and repository to register information 
including risk identification, source of risk, owner and corresponding solutions (Patterson & 
Neailey, 2002). In this thesis, the measurements for risk mitigation will not be provided. 
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2.8 Limitations of Safety Management with BIM Implementation 
The major limitation of BIM-based safety management is that BIM technologies managing 
safety work are mainly focus on the design phase. However, the construction phase is the stage 
that full of risks. One of the reasons is due to the uncertainty and variety of the building 
construction phase (Arayici, Egbu & Coates, 2012). Prevention measures can be completed 
based on the safety checklist while the unpredicted risks especially caused by human activities 
cannot be controlled. In addition, BIM-related technologies in terms of current scientific and 
technical development is still in the research stage as a database analysis instead of the 
application of solution-provided technologies.  
3. Framework Development
3.1 Aims of the Framework 
Firstly, this framework is proposed to be applied in the BIM system in order to increase the 
effectiveness and validity of root causes identifications/assessments after issues arise in the 
building construction project lifecycle.  
In addition, this framework also aims at bridging the gap between information review and 
information extraction. BIM as a database contains quantities of information that is extremely 
helpful for analysis. However, reviewing a great deal of information will be time-consuming 
and inefficient. Narrowing the range of information to review could assist project managers to 
improve work efficiency.  
3.2 Use of the Framework 
The framework can be applied as an approach to avoid consuming time on amount of 
information searching and review work. It could base on the previous risk register with possible 
sources of issues and the experience of project managers to rank the greatest possibility of the 
causes and duty holders. After locating the roots of issues, project manager only need to focus 
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on a small range of information to review. 
3.3 Need for the Framework 
When a failure occurs during the project lifecycle or after the completion of the project, quickly 
and accurately identifying the specific causes and duty holders is the very first and major work 
for project manager or forensic engineering (Brehm & Hertle, 2017). Lengthy decision-making 
process will result in cost overruns and schedule delay. Incorrect judgments may lead to 
irreversible catastrophes such as building collapse, workers injuries or death. The selection on 
roots of issues will directly influence how project managers develop the corresponding 
solutions. In addition, if a building collapsed after the project completed, recognition of duty 
holders will be seriously important in terms of the legal liability. However, this process in the 
current building construction project is the most difficult and time-consuming part. Therefore, 
how to review the related information to quickly and accurately identify the causes have the 
great potential value for project issues solving, time saving and cost reduction. Also, the 
framework makes clear responsibility assignment, thus, to some extent it promotes project 
management and work responsibility. The clearer of duty assignment and record, the easier 
management, and the more work responsibility. Finally, it could provide a knowledge 
framework to the building construction project information classification for safety 
management and risks identifications.  
3.4 Framework Development 
Step 1: Input Risk Register with Responsibility Assignment 
As explained in the literature review, risk register could be used to support the locating of issues’ 
causes. It can be considered as a tool or path to target the possible ranges of the causes and 
corresponding stakeholders. In reality, as the projects are varying, the risk registers would also 
be different in specification. This thesis provides one kind of risk register as an example to be 
applied to the framework.  
(1) Risks classifications
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Based on a significant amount of research about Expert-Risks and the principles of risk 
classification, risks could be classified as:  
 Financial Risks
 Technical Risks
 Contractual Risks
Other risks such as nature risks that relates to uncontrollable hazards caused by the nature such 
as blood and hurricane are exclude since these are the external factors.  
A financial risk is generated by the financial or economic causes and may result in the project 
failure. This type of risks commonly occurs during the planning phase with financing, loan and 
bidding risks. The duty holders relate to this type of risks most are the owners.   
A technical risk is generated by various technical causes. Failure is identified as failing to meet 
the project’s requirements. Technical causes contain anything associated with “process 
project’s development and operation.” Therefore, the category of technical risks could be the 
anything impacts project’s success such as old techniques, material and equipment failure, 
designs and schedule failure.  
Contractual risk  
A contractual risk is generated by all deficiencies in the contractual framework.  
(2) The Risk
As risks’ outcomes will eventually present as the schedule delay, cost overruns and poor 
quality. Therefore, the three factors can be used to discriminate risk groups.  
(3) Source of Risks
This field will be considered in the board way. It may relate to the techniques, material or 
management.   
(4) Risk register
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Phase Risk Classification The Risk Source of Risk Duty Holder Ran
k 
Financial Risks 
Planning Difficulty in 
Financing 
Poor Feasibility Report - Fail to attract 
Investors 
The Financial 
Consultant 
Investors Suffer from Economic Hardship Investor 
Lack of Investor Investor 
Loan Risk Unsatisfied Creditworthiness Owner 
High Bidding Cost Poor Bidding Strategy Owner 
Insufficient Preparation and Investigation 
for Bidding 
The Financial 
Consultant 
Cost Overruns due 
to External Factors 
Taxation risk 
Bad Economic Environment -Financial 
Hardship 
Inflation (external factor) 
Currency Risk 
Non-convertibility 
Design Cost Overruns Delayed Design Architect & 
Designer 
Design Change Cost Owner 
Underfunding Bankruptcy Owner/Investor 
Poor Payment Management Financial Manager 
Cost Overruns due 
to External Factors 
Inflation 
Taxation risk 
Financial Hardship 
Bad Economic Environment 
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Currency Risk 
Construction Cost Overruns 
(Related to Project 
Work) 
Rework Process and Defective Work Work-Related 
Stakeholders 
Schedule Delay Work-Related 
Stakeholders 
Cost Overruns 
(Related to H&M ) 
Subcontractors Financial Default Subcontractor 
H&S Compensation H&M manager & 
Safety Manager 
Underfunding Loan Risk (Unsatisfied Creditworthiness) Owner/Investor 
Bankruptcy Owner/Investor 
Cost Overruns due 
to External Factors 
Inflation (cost of resource increase) 
Wages Increase 
Technical Risks 
Planning Delayed Planning Heavy Workload Project Manager 
Fail to Achieve Permits and Licenses Project Manager 
Clients’ Requirement Change Related Clients 
Improper Planning 
Report 
Insufficient Investigation and Exploration 
to Project Conditions 
Project Manager 
Lack of Reliable Data Provided for 
Planning Work 
Owner & Project 
Manager 
Inexperience Project Manager & 
H&R Manager 
Wrong Estimation to 
Cost, Schedule & 
Resource 
Insufficient Knowledge to Project 
Condition and Market Environment 
Project Manager 
Inexperience Planner, H&R 
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Manager 
Design Delayed Design Unrealistic Design Workload Project Manager 
Frequent Design Change Owner/Investor/Proj
ect Manager 
Unclear Authority among Designers Project Manager 
Delay in Design Alternation Architect& Field 
Designer 
Delay due to Design 
Approval and 
Permits 
Lack of Acceptance by Owner for Design 
Proposal 
Owner/Investor 
Design Failure Lack of Constructability and Operability Architect & Field 
Engineer 
Unrealistic Design Schedule Architect & Field 
Engineer 
Fail to Meet Stakeholders' Requirements Architect & Field 
Engineer 
Design Errors and 
Omissions 
Lack of Coordination Work (structural, 
mechanical, electrical, etc.) 
Architect & Field 
Engineer 
Insufficient Detailings and Specifications Architect & Field 
Engineer 
Low Level of Design Completion Architect & Field 
Engineer 
Lack of Sensitivity Study to Natural 
Hazards 
Architect & Field 
Engineer 
Unreasonable Choice to Designing 
Materials 
Architect & Field 
Engineer 
Lack of Considerations to Safe Design Architect & Field 
Engineer 
Lack of/Poor Design Unprofessional Consultation The Design 
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Check & 
Consultation for 
Safety Design 
Consultant 
Construction Inability to Access to 
Site 
Unforeseeable Site Condition Project Manager 
Lack of Land Acquisition Project Manager 
Delayed 
Construction 
New Governmental Acts or Legislations 
for Construction Project 
Too High Standard to Construction Project Manager 
Delay due to other Delayed Projects 
Servicing the Project 
Project Manager 
Unreasonable Construction Scheme Project Manager 
Delay due to 
Resource 
Achievement & 
Management 
Wrong Quantity of Materials Procurement 
Manager 
Disqualification of Materials Procurement 
Manager & Supplier 
Disqualification of Equipment Procurement 
Manager & 
Equipment 
Subcontractor 
Unsuitable Materials & Equipment 
Arrangement & Storage & Delivery 
Resource Manager 
Construction Machinery Breakdown Resource Manager 
Installation & Debugging Errors of The 
Construction Equipment 
Resource Manager 
Wrong Materials and Equipment 
Allocation 
Resource Manager 
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Import/Export Restrictions 
(H&S) Labor Strike H&R Management 
& Project Manager 
Unreasonable Personnel Organization and 
Arrangement 
H&R Manager 
Issues of Special or New Materials 
Application 
Project Manager & 
Resource Manager 
Delay due to 
Resource in Short 
Supply 
Inability of on-time Supply Supplier & Project 
Manager 
Delay due to 
Defective Work & 
Structure Failure & 
Procedural Causes 
Disregard to Site Warning Signs 
(excessive deformation, crack…) 
Quality Control 
Manager 
2 
Unfamiliar to New Technology 
Implementation Approach 
Field Engineer & 
Project Manager 
6 
Poor Material Quality Procurement 
Manager, Supplier 
3 
Backward Construction Technologies Field Engineer & 
Project manager 
5 
Incorrect Construction Work Sequence, 
Procedure, Techniques 
Quality Control 
Manager & Field 
Engineer & Site 
Engineer 
1 
Too High-Quality Standards Field Engineer & 
Quality Control 
Manager 
Time Constrain Project manager 
Delay due to Low Inadequate Project Organization Structure Administrative 
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Work Inefficiency Manager 
Incompetence of the Project Team 
Management 
Project Management 
Lack of Training for Workers H&R Manager & 
Field Engineer 
Lack of 
Coordination Work 
among 
Subcontractors 
Poor management Project Manager 
Construction Work 
Unmatched Design 
Poor Quality Control Process Quality Control 
Manager 
Misunderstanding of Design Drawings 
and Specifications 
Field Engineer & 
Project Manager 
Unfamiliar to the Design Project Manager 
Irregular or Inadequacy Supervision Site Engineer 
Construction 
Personnel Safety 
Risk (Worker 
Injuries, Death) 
Lack of On-Site Protection Measurements 
(design loss or unfollow the design) 
Safety Engineer & 
Designer 
Personnel Training H&R Manager & 
Field Engineer 
Lack of Safety Warning for Congested 
Areas & Overcrowding Work 
Safety Engineer 
Project Scope 
Change 
Project Scope Changed by Other 
Stakeholders 
Related 
Stakeholders 
Poor Project 
Information 
Management 
Poor Documentation Administrative 
Manager 
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Operation Poor Operation 
Performance 
Irregular Maintenance and Inspection 
Work 
Operation Manager 
Contractual Risks 
Planning Contractual Errors Indeterminate Terms The Contract 
Consultant 
Unequal Contractual Provisions The Contract 
Consultant 
Inadequate Construction-related Insurance 
Coverage 
The Contract 
Consultant 
Lack of the Stable Project Agreement The Contract 
Consultant 
Omission the Payment Bill of Quantities The Contract 
Consultant 
Wrong Calculation in Unit price or Total 
Price of The Project 
The Contract 
Consultant 
Table 1: Risk Register
(Ogunsanmi, 2011), (Yang, & Wei, 2010), (Al-Bahar & Crandall, 1990) 
Step 2: Rank the Possibility 
Rank principles:  
• Consider both the risk identifications and project managers’ experience
• Prioritize possible risks and obtain corresponding stakeholders
One of the possible ranks: 
Based on the amount of research, issues occur during the construction phase were mostly due 
to human errors since the safety management such as structural integration has already been 
improved in the design phase by using advanced technologies (Brehm & Hertle, 2017). 
Therefore, the rank firstly considers “human errors” related to the incorrect conducts during 
the project process. And this information will be recorded in BIM (Common Data 
Environment). It provides a “evidence or path” to follow when the project managers review 
Student Name: Zhongying Du  :   
ENGG7240 A BIM-based Framework for Safety Management in the Building Construction Project Final Report 
the duty holders’ information records related to a series of activities through BIM. 
(1) Work - such as construction procedure, schedule & techniques
(2) Material - such as material processing method, quality & quantities or schedule
Equipment – such as equipment layout, schedule or quality & quantities
(3) Operation factors -such as workers’ operation errors to equipment or construction
method.
(4) External factors - such as weather
(5) Design factors – physical causes
Design checking is in the last step since this framework is confident to the BIM technologies 
for safety checking and integration in the design phase. Therefore, design errors will be ranked 
in the last step. 
From this step, a possible duty holder can be achieved.   
Step 3: Extract and Reintegrate Information  
In this stage, the three key information that a possible duty holder (who), work stage (when) 
and work area/objects (where) has been located. The next step is to extract the interrelated 
information of the three parts from BIM.  
An example of schematic diagram shows as below. 
Figure 15: The schematic diagram of BIM information output
WHO
(duty holder)
WHEN
(phase)
WHERE
element/object
work area
WHAT 
Work Activities 
Information Needed 
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• WHO – Duty Holder
Refers to all stakeholders in the project and it should be the same stakeholders involved in 
the responsibility assignment.  
An example for this classification is shown in the following diagram  
Figure 16: An example of duty bearers list in the construction project 
• WHEN - Phase
Refers to the project phase. It should be broken down into each sub-work until the solution 
is specific enough to satisfy the requirements.  
An example for this classification is shown in the following diagram 
Potential 
duty bearers 
Owner Architect
Project 
manager
Field Engineer
Foundation 
Engineer
Main Structure 
Engineer
...
Quality 
Control 
Manager
...
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Figure 17: An example of work schedule list in the construction project 
• WHERE – Work area/element/object
Refers to the targeting work area/elements/objects phase. It should focus on the specific 
elements, objects or work areas. 
An example for this classification is shown in the following diagram 
Phase
Planning 
Phase
...
Design 
Phase
...
Construction 
phase 
Foundation 
engineering
Main Structure 
Engineering 
MEP Engineering
Equipment 
Installation 
Engineering
...
Operation
...
Construction 
Phase
Foundation 
engineering 
Structure 
Engineering
Wall
Column
Beam
...
MEP 
Engineering
...
Equipmrnt 
Installation
Engineering
...
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Figure 18: An example of work area/elements/objects list in the construction project 
• WHAT – Information Domain
Refers to the content of information extraction that combing and targeting these three fields 
information.  
Through this process, all information related to the duty holders, and their work action 
related to the targeted element or work area that records in BIM such as model geometry, 
work activities, construction method will be extracted. 
An example of schematic diagram is shown as below. 
Figure 19: A schematic diagram of information reintegration 
Step 4: Output Information  
After the who, when and where are being targeted, the specific information related to these 
three parts will be outputted, and it could support the decision-making process of issues target 
for project manager or forensic engineering.  
An example of information reintegration and output in BIM system after target the three points: 
Targeted
WHEN
Targeted
WHERE
Targeted 
WHO
Phase 
Duty 
Holder 
Work area/element/object 
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Figure 20: An example of information reintegration system 
3.5 Case Application 
Case description: Assume there is an issue detected during the main structural engineering that 
there was concrete cracked in a beam. 
Based on the risk register and site inspection, project managers identified the possible risk is 
due to technical issues. According to the risk register, there are several potential causes leading 
to the risk. BIM using database also provides a potential risk rank to project manager. The rank 
will be presented as the table below.   
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Technical Risks The Risk Source of Risk Duty Holder Rank 
Delay due to 
Defective Work 
& Structure 
Failure & 
Procedural 
Causes 
Disregard to Site Warning 
Signs (excessive 
deformation, crack…) 
Quality Control 
Manager 
2 
Unfamiliar to New 
Technology 
Implementation Approach 
Field Engineer & 
Project Manager 
 4 
Poor Material Quality Procurement Manager, 
Supplier 
3 
Backward Construction 
Techniques 
Field Engineer & 
Project manager 
5 
Incorrect Construction Work 
Procedure, Sequence 
&Techniques 
Quality Control 
Manager & Field 
Engineer & Site 
Engineer 
1 
Too High-Quality Standards Field Engineer & 
Quality Control 
Manager 
6 
Design Problem Structural 
Designer/Engineer 
7 
Table 2: An example of the risk rank in the field of technical risks 
(Color shows the rank level as the red is the first order) 
The most possible reason is due to the incorrect construction work procedure, Sequence & 
techniques. The corresponding duty holder is quality control manager & field Engineer & site 
engineer. By targeting the responsibility to the first duty holder - quality control manager, 
project managers can locate the information search area in:   
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When: In the construction phase, foundation engineering, 2 months after concrete curing  
Where: the beam 3 (every element should have a code)  
Who: duty holder – quality control manager 
Therefore, the information output was identified in these three fields. Project managers could 
check and review the informattion to ensure whether there is an issue occured in this duty 
holder’s work. If no isuues were detected from this stakeholders’ work, project managers 
should move to the second possible causes. An example disgram has be made as shows below. 
Figure 21: Duty holder selection 
Figure 22: Phas selection 
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Figure 23: Work area/element/object selection 
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4. Limitations and Conclusion
4.1 Limitations and Discussion 
• As this framework is theoretical and not be practiced in the real projects, it only
provides an approach to facilitate the efficiency of decision-making process of causes
locating.
• This framework only considers the condition that one field of causes such as poor
construction techniques triggers the issue. However, in reality, there may have several
combing reasons leading to the issue. To target this situation, more research will be
needed in the part of risk register to validate the relations among the risks. For example,
an issue on installation work could be caused by the unprofessional installation work,
but this work error may be caused by the heavy workload for workers.
• The rank for the use of information review and check work is based on the risk register
and project managers’ experience. It therefore has a high skilled requirement in risk
register development and project management. This will involve “human factors” that
may impact the use and efficiency of the framework.
• As the projects are varying, the risk registers would also be different in specification.
This framework still needs more research, surveys and professional views to validate
the part of risk rank and the use of BIM information reintegration.
• Risk management has a short history in the construction projects, which means the
database of risk register will not ready to approach to integration.
4.2 Conclusion 
In conclusion, this thesis proposes a BIM-based framework to support project managers’ 
decision-making process. The risk register is utilized in the construction phase as a tool to 
locating the possible causes and duty holders resulting in the issues. A three-dimensional 
locating system which contains the components of duty holders, project phase and work 
are/element/object, will be needed to narrow the scale of information searching. This 
framework aims at facilitating safety management during the construction phase as a means of 
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increasing efficiency on information review and check for causes locating. Limitations and 
discussions are included in the thesis to provide more ideas to the further research. Risk register 
is the radical part of this framework, the accurate and comprehensive risk research depending 
on the specific types of building construction project are significant for the further decision. 
The future research is recommended to undertake from analyzing the risk register. In addition, 
a practical application will be needed through partnering with building contractors to follow 
the causes locating process.   
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